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Abstract
Objective—To assess the safety and efficacy of ABT-089, a novel α4β2 neuronal nicotinic
receptor partial agonist, vs. placebo in children with attention-deficit/hyperactivity disorder
(ADHD).
Method—Two multicenter, randomized, double-blind, placebo-controlled, parallel-group studies
of children 6–12 years old were conducted. Study 1 (n=274) assessed six treatment groups over 8
weeks: 4 once-daily (QD) ABT-089 doses (0.085–0.700 mg/kg), QD atomoxetine, and
placebo.Study 2 (n=119) assessed three treatment groups over 6 weeks: 2 QD ABT-089 doses (0.7
mg/kg, 1.4 mg/kg) and placebo. The primary efficacy variable was the investigator-administered
ADHD Rating Scale-IV: Home Version (ADHD-RS-IV [HV]) Total Score. Safety was assessed
by adverse event (AE) monitoring, lab tests, vital signs, physical exams, and electrocardiogram
measures.
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Results—There was no statistically significant difference between ABT-089 and placebo in
mean change from baseline to final evaluation of ADHD-RS-IV (HV) Total Score or other
outcome measures at any dose in either study; in Study 1, atomoxetine showed statistically
significant improvement for the primary and most secondary endpoints. ABT-089 was generally
safe and well tolerated, with no statistically significant difference between any ABT-089 dose and
placebo in the overall incidence of any specific AE, and no clinically significant changes in other
safety measures.

© 2013 American Academy of Child & Adolescent Psychiatry. Published by Elsevier Inc. All rights reserved.
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Conclusions—ABT-089 did not show efficacy on the primary efficacy variable, the ADHD-RSIV (HV) Total Score, or other measures of ADHD symptomatology in children with ADHD, and
had a safety profile similar to placebo. These results contrast with published reports of efficacy of
nicotinic modulators in adults with ADHD.
Keywords
ADHD; pharmacologic treatment; α4β2; neuronal nicotinic receptor; children

INTRODUCTION
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Increasing interest has been focused on the role of the cholinergic system in cognitive
disturbances, including attention-deficit/hyperactivity disorder (ADHD). There is a large
body of evidence demonstrating that cholinergic signaling is involved in cognition,1 and
studies have shown that cholinergic dysregulation, particularly of the nicotinic cholinergic
system, may be involved in ADHD pathophysiology.2 Additionally, in utero nicotine
exposure, which may influence development of the cholinergic system, has been implicated
as a risk factor for ADHD.3 Furthermore, ADHD is also linked to a higher risk of nicotine
use, including an earlier-onset, more severe and persistent course of cigarette smoking.4,5
Conversely, nicotine has been shown to ameliorate ADHD symptoms,6,7,2 potentially
explaining the link with excess cigarette smoking in ADHD. Recently, a class of agents has
been developed to selectively modulate nicotinic cholinergic signaling that may provide a
treatment alternative with a favorable efficacy and side effect profile compared with existing
treatments.
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The nicotinic cholinergic system includes pharmacologically and functionally distinct
neuronal nicotinic receptor (NNR) subtypes that are multimeric complexes composed of
structurally related subunits.8 NNRs of varying subunit compositions are responsible for
mediating the broad effects of nicotine, including positive effects (analgesia and cognitive
enhancement)9,10 and negative effects (physical dependence, nausea, and increased heart
rate).11 The α4β2 NNR is primarily distributed in brain regions involved in cognition and is
thought to mediate cognitive processes.1 By contrast, other NNR subtypes, such as α3β4
NNRs, are predominantly distributed in the autonomic nervous system, suggesting
involvement in the adverse effects of NNR agonists.11 ABT-089 is a novel NNR partial
agonist with high in vitro binding affinity and selectivity for the α4β2 NNR subtype (Ki~15
nM) and weak agonism at other NNR subtypes, particularly α3β4 NNRs.12 In preclinical
studies, ABT-089 has shown minimal effects on dopaminergic transmission, suggesting it
may not be associated with concerns often seen with NNR activation by nicotine, such as
abuse liability and insomnia.13
In a previous proof-of-concept study in adults with ADHD that evaluated three doses of
ABT-089 using a crossover design, ABT-089 was associated with significant improvement
in ADHD symptomatology vs. placebo.14 Recently, a larger crossover study in adults with
ADHD compared five doses of ABT-089 with placebo. In this study, ABT-089 was
significantly superior to placebo on ADHD outcome at 40 mg given once or twice daily and
was generally well tolerated (submitted). Given these positive findings in adults, the current
studies examined the efficacy and tolerability of ABT-089 in pediatric ADHD. To fully
explore the dose-response relationship, the doses administered in these studies were the
pediatric equivalents of doses evaluated in the recent adult ADHD study, as well as the
pediatric equivalent of an adult 30 mg once-daily (QD) dose.
To our knowledge, this is the first report of a nicotinic analog in treating pediatric ADHD.
We present the results of two controlled Phase 2 trials comprising 393 pediatric subjects,
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aged 6 to 12 years, treated with ABT-089. We hypothesized that ABT-089 would be
superior to placebo in the treatment of ADHD symptomatology. Secondarily, we
hypothesized improvement in functional outcomes and examined the tolerability and safety
of ABT-089 in this pediatric population.

METHOD
Study Patients
Males and females, aged 6–12 years (inclusive), with a DSM-IV diagnosis of any ADHD
subtype, confirmed by the Kiddie Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and Lifetime Version (K-SADS-PL),15 and a rating of 4 or
higher on the Clinical Global Impression-ADHD-Severity Scale (CGI-ADHD-S) were
enrolled at 23 sites (Study 1: 10; Study 2: 3; Studies 1 and 2: 10) in the United States
(September 2007 - July 2008). For all sites, an institutional review board approved the study
protocol. A parent/caregiver of each youth provided informed consent, and subjects ages 7–
12 provided written assent.
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Exclusion criteria included: current or past diagnosis of bipolar I, II, or NOS (Not Otherwise
Specified) disorder; psychotic disorder; autism, Asperger’s syndrome or pervasive
developmental disorder; tics or Tourette syndrome; seizure disorder; traumatic brain injury;
current diagnosis of obsessive-compulsive disorder, eating disorder, anxiety disorder, or
depressive disorder requiring treatment of any kind; psychotropic medications within 14
days or 5 half-lives (7 days for stimulants), whichever was longer, prior to the Day −1
ADHD Rating Scale-IV: Home Version (ADHD-RS-IV [HV]) assessment; in Study 1,
atomoxetine within 3 months of randomization or not a suitable candidate to receive
atomoxetine. Failure to respond to two or more adequate trials of U.S. Food and Drug
Administration-approved ADHD medication was also exclusionary.
Study Design and Treatments
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Study 1 consisted of a screening/wash-out period of up to two weeks and an 8-week, doubleblind treatment period (study visits on Days 7, 14, 28, 42, 56). Doses were chosen to
evaluate pediatric equivalent doses (on a mg/kg basis) of the doses chosen for the adult
crossover study of ABT-089 in ADHD. At the time Study 1 was initiated, the available
safety and tolerability data for ABT-089 in children limited the highest absolute dose to 40
mg QD. Patients were randomized in equal proportion to one of six treatment groups: four
QD doses of ABT-089 (0.085 mg/kg, 0.260 mg/kg, 0.520 mg/kg, 0.700 mg/kg), QD
atomoxetine (included as a measure of assay sensitivity; initiated at 0.5 mg/kg/day and
increased after two weeks to 1.2 mg/kg/day), or placebo. When results from the adult
crossover study in ADHD indicated that total daily doses of 40 mg and 80 mg were
efficacious, additional safety and tolerability data were obtained to support a second
pediatric study to test doses up to 80 mg QD. Study 2 consisted of a screening/wash-out
period of up to two weeks and a 6-week double-blind treatment period (study visits on Days
7, 14, 28, 42). Patients were randomized in equal proportion to 0.7 mg/kg ABT-089 QD, 1.4
mg/kg ABT-089 QD, or placebo. In both studies, a central interactive voice response system
(IVRS) was used for subject enrollment and treatment allocation. The sponsor, investigative
sites, and subject were blinded to each subject's treatment. Blind-breaking information was
available via the IVRS, as required in an emergency. For each study, study drug and placebo
were identical in appearance.
Assessments
The primary outcome variable was the investigator-administered ADHD-RS-IV (HV) Total
Score (assessed at each study visit). The ADHD-RS-IV (HV) is an 18-item scale based on
J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2013 August 30.
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the DSM-IV criteria that produces three scale scores: Inattention, Hyperactivity/Impulsivity,
and Total.16 Each item on the scale was scored from 0 to 3 (0 = never or rarely, 1 =
sometimes, 2 = often, 3 = very often) and ratings were based on the severity of symptoms
over the previous seven days. Secondary efficacy was assessed by the following measures:
ADHD-RS-IV (HV) Inattention and Hyperactivity/Impulsivity subscale scores; Clinical
Global Impression ADHD Severity (CGI-ADHD-S)17; Conners’ Global Index-Parent
Version (CGI-P)18; Behavior Rating Inventory of Executive Function-Parent Questionnaire
(BRIEF)19; Child’s Sleep Habits Questionnaire (CSHQ)20; ADHD Impact Module-Child
(AIM-C)21; and the Child Health Questionnaire (CHQ).22 Study 1 also included the ADHDRS-IV (School Version).16
The ADHD-RS-IV (HV) and CGI-ADHD-S were administered by raters with Doctoral
degrees with at least 2 years previous clinical experience with the patient population and
who had completed didactic training on scale administration and scoring. In addition,
ADHD-RS-IV (HV) raters must have correctly answered ≥ 80% of the items on the ADHDRS-IV (HV) on a standardized assessment. The protocols specified that each subject was to
be evaluated by the same rater at each assessment.
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Plasma concentrations of ABT-089 were assessed on Days 14 and 28 (both studies), Day 42
(Study 2) and Day 56 (Study 1), prior to the morning dose of drug whenever possible, using
a liquid chromatography method with mass spectrometric detection (internally validated
technique, Abbott, Abbott Park, IL). Plasma ABT-089 concentrations were expected to
reach steady state by Day 14 of dosing; therefore, for calculation of summary statistics,
plasma concentrations of ABT-089 for each dose level were combined across all study visits
and summarized by dose group and time since previous dose window.
Treatment-emergent AEs, laboratory tests (including clinical chemistry, hematology and
urinalysis panels), vital signs and electrocardiogram (ECG) measurements were monitored
throughout both studies. A treatment-emergent AE was defined as any AE that began or
worsened in severity on or after the first day of study drug dosing. Laboratory, vital sign and
ECG abnormalities were considered AEs if they resulted in study discontinuation,
necessitated therapeutic medical intervention, or the investigator considered them to be AEs.
Statistical Methods
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Sample sizes were based on an assumed effect of size of 0.7 (comparable to atomoxetine
effect sizes in earlier studies23,24), with a treatment difference for ABT-089 vs. placebo of
9.1 in the ADHD-RS-IV (HV) Total Score and a pooled standard deviation of 13. In Study
1, a sample size of 45 subjects per treatment group provided at least 90% power for a
onesided test of ABT-089 vs. placebo (α = 0.05), and in Study 2, a sample size of 35
subjects per treatment group provided at least 85% power for a one-sided test of ABT-089
vs. placebo (α = 0.05), assuming 5% of subjects would not have efficacy assessments after
randomization. The one-sided test was chosen because ABT-089 had to demonstrate
improvement compared to placebo to be considered effective.
Efficacy analyses were conducted on the intent-to-treat (ITT) dataset, defined as randomized
subjects who took at least one dose of study drug and had at least one on-treatment ADHDRS-IV (HV) evaluation. The primary comparisons were each dose of ABT-089 vs. placebo.
In Study 1, atomoxetine vs. placebo was also evaluated. No adjustments for multiple
comparisons were made because these were Phase 2 proof-of-concept studies with the
primary objective of evaluating each ABT-089 dose relative to placebo. Baseline was the
last non-missing observation that occurred on or before the first day of study drug
administration, and “final measure” was the last non-missing observation in the double-blind
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treatment period. Subjects with a baseline evaluation and at least one post-baseline
evaluation for a variable of interest were included in the analyses.
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The primary efficacy variable was change from baseline to final evaluation in the ADHDRS-IV (HV) Total Score. The primary analysis was an analysis of covariance (ANCOVA)
with factors of treatment group and site, with baseline score as a covariate. Estimates of
treatment difference for active treatment vs. placebo, as well as associated confidence
intervals, were obtained within the ANCOVA framework. Change from baseline to each
evaluation in ADHD-RS-IV (HV) Total Score was also evaluated with a repeated measures
analysis using a model that included the fixed categorical effects of treatment group, site,
visit, and treatment group by visit interaction, as well as the continuous fixed covariates of
baseline score and baseline score-byvisit interaction. Analyses for change from baseline to
final evaluation and repeated measures analysis of each of the secondary efficacy endpoints,
with the exception of CGI-P, were performed using the same models as the primary efficacy
variable. Because the CGI-P was to be completed at multiple time points on the same day, it
was analyzed using a repeated measures model with factors of treatment group, site and time
of day, an interaction term of treatment group by time of day, and time-matched baseline
score as covariate.
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Safety analyses were performed on the safety dataset, defined as randomized subjects who
took at least one dose of study drug. Statistical tests for safety were two-sided (α = 0.05).
AEs were coded using the Medical Dictionary for Regulatory Activities Version 10.0,25 and
the percentage of subjects in each active dose group reporting each preferred term was
compared with placebo using Fisher's exact test. Treatment differences in change from
baseline to minimum, maximum, and final evaluation for clinical laboratory evaluations and
vital sign variables were analyzed using a one-way analysis of variance (ANOVA).

RESULTS
Two-hundred seventy-eight subjects were randomized into Study 1, and 274 of these
subjects received at least one dose of study drug (safety dataset). Two-hundred seventy-one
subjects (99% of treated subjects) were included in the ITT dataset, and 236 subjects (86%
of treated subjects) completed Study 1. One-hundred twenty-one subjects were randomized
into Study 2, and 119 of these subjects received at least one dose of study drug (safety
dataset). One-hundred sixteen subjects (97% of treated subjects) were included in the ITT
dataset, and 96 subjects (81% of treated subjects) completed Study 2. There were no
differences in the reasons leading to premature discontinuation between treatment groups in
either study (Figure 1).
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Baseline characteristics did not differ between treatment groups within or between studies
(Table 1). Most subjects were male (66%, both studies) and the mean ages were 8.6 (Study
1) and 8.5 (Study 2) years. Most subjects were diagnosed with the combined ADHD subtype
(Study 1: 80%; Study 2: 76%). The proportion of subjects who had taken any ADHD
medication or had taken stimulants was similar across treatment groups in both studies (data
not shown).
Efficacy
At all ABT-089 doses examined in both studies, there was no statistically significant
difference between ABT-089 and placebo in the primary efficacy analysis of mean change
from baseline to final evaluation of the ADHD-RS-IV (HV) Total Score (Table 2), or on the
secondary analysis of mean change from baseline to each evaluation (Figure 2A). In
contrast, a statistically significant treatment effect was observed for atomoxetine compared
with placebo at each evaluation in Study 1 (Table 2, Figure 2A).
J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2013 August 30.
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There was no statistically significant difference between any ABT-089 dose and placebo for
the mean change from baseline to final evaluation for the CGI-ADHD-S (Table 2), or on the
mean change from baseline to each evaluation (Figure 2B), with the exception of the 0.520
mg/kg ABT-089 dose group in Study 1 at Day 14 (least-squares model-based mean, SE:
−0.68, 0.12; P=.031). Since no corrections were made for Type I error rates and only one
ABT-089 dose showed a statistically significant effect at a single time point, the overall
effect of ABT-089 on the CGI-ADHD-S was not considered clinically relevant. Similarly,
ABT-089 did not have clinically relevant effects on any other secondary endpoints (data not
shown). In contrast, atomoxetine demonstrated efficacy on the CGI-ADHD-S (Table 2,
Figure 2B) and almost all other secondary efficacy outcomes (data not shown). Subgroup
analyses on ADHD-RS-IV (HV) Total scores and CGI-ADHD-S scores comparing
treatment naïve subjects with previously-treated subjects indicated no statistical difference
between the two groups (data not shown), indicating that both groups of subjects had
consistent responses to treatment.
Pharmacokinetics
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ABT-089 mean (SD) plasma concentrations during the window of 0–6 hours since previous
dose were, in ng/mL: in Study 1, 11.4 (5.16), 37.0 (19.4), 77.9 (31.4), and 90.5 (46.5) for
ABT-089 0.085 mg/kg, 0.260 mg/kg, 0.520 mg/kg, and 0.700 mg/kg, respectively; in Study
2, 140 (62.9) and 206 (134) for ABT-089 0.7 mg/kg and 1.4 mg/kg, respectively. The
exposures of ABT-089 observed were consistent with values obtained from Phase 1 studies
conducted in pediatric populations with ADHD and healthy adults, as well as a Phase 2
study conducted in adults with ADHD (unpublished data, Abbott, Abbott Park, IL).
Safety and Tolerability
The most common treatment-emergent AEs are listed in Table 3. There was no statistically
significant difference in the overall incidence of treatment-emergent AEs between any
ABT-089 dose and placebo, or between atomoxetine and placebo. Likewise, there were no
specific AEs for which the incidence was statistically significantly higher for any ABT-089
dose or atomoxetine compared with placebo. There were no deaths, and there was only one
serious treatment-emergent AE (accidental overdose of fluoxetine in Study 2; considered by
the investigator to be not related to study drug). AEs that may be associated with NNR
modulation are presented in Table S1, available online.
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Nine subjects discontinued Study 1 prematurely due to an AE: one subject each in the
placebo and ABT-089 0.085 mg/kg, 0.260 mg/kg, and 0.520 mg/kg groups (n=1, each:
headache, emotional disorder, iron deficiency anemia, and dysphoria, respectively), three
subjects in the ABT-089 0.700 mg/kg group (n=1, each: vomiting, abdominal pain upper,
and negativism), and two subjects in the atomoxetine group (n=1: hepatic enzyme increased
and Epstein-Barr virus infection; n=1: headache, fatigue and abdominal pain upper). Eight
subjects discontinued Study 2 prematurely due to an AE: four subjects in the placebo group
(n=1, rash; n=1, mood swings; n=1, auditory hallucination; n=1, agitation, anxiety, and
affect lability), one subject in the ABT-089 0.7 mg/kg group (chest pain, abdominal pain
upper, pain in extremity, and anorexia), and three subjects in the ABT-089 1.4 mg/kg group
(n=1 each: abdominal pain, psychomotor hyperactivity, and accidental overdose).
There were no clinically meaningful differences between any ABT-089 dose and placebo
based on mean change from baseline for any hematology, clinical chemistry, or urinalysis
parameters. Overall, mean changes from baseline to maximum, minimum and final values in
systolic blood pressure, diastolic blood pressure, pulse, and temperature were comparable
between active treatment and placebo. There were no statistically significant differences
between any ABT-089 dose group and placebo based on mean change from baseline to final
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evaluation for height, body weight or BMI. ECG results showed no conduction
abnormalities associated with ABT-089. There were no apparent dose-related trends with
ABT-089 for changes in laboratory values, vital signs or ECG measurements in either study.
The most commonly reported AEs (≥ 5% and incidence higher than placebo) in
atomoxetine-treated subjects were, in decreasing rate of incidence, upper respiratory tract
infection, fatigue, decreased appetite, irritability, nausea, somnolence, pharyngolaryngeal
pain, upper abdominal pain, vomiting, tremor, and emotional disorder. Among subjects in
the atomoxetine group, mean weight and BMI decreased by 0.1 kg and 0.2 kg/m2,
respectively, over the 8-week study period (mean difference from placebo [95% confidence
interval]: −1.3 [−1.99, −0.69] and −0.6 [−0.96, −0.19], respectively).

DISCUSSION
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In two separate randomized, placebo-controlled studies that tested ABT-089 across a wide
dose range in 393 children aged 6–12 years with ADHD, ABT-089 was not superior to
placebo on the primary outcome measure of the ADHD-RS-IV (HV) Total score. Similarly,
ABT-089 was not superior to placebo for most secondary efficacy outcomes. In contrast, in
Study 1, atomoxetine performed significantly better than placebo on the primary and most
secondary outcomes and displayed an efficacy and adverse event profile consistent with
previously published data,23,26 indicating that the lack of response noted for ABT-089 was
not due to improper study design or execution. The results seen with ABT-089 and placebo
in Study 2 were similar to those observed in Study 1.
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The current efficacy findings differ from results of previous studies examining nicotine and
nicotinic analogs for ADHD in adults, as well as from recent Phase 2 studies of adults with
ADHD treated with ABT-089 or other α4β2 NNR partial agonists. The earlier adult studies
using nicotine and nicotine analogs demonstrated improvements in ADHD symptoms and
neurological outcomes comparable to those seen with stimulants.27–29,7 Prior crossover
studies of ABT-089 in adults with ADHD demonstrated significant improvement in ADHD
symptoms compared with placebo on the Conners’ Adult ADHD Rating Scale–Investigator
Rated (CAARS:Inv) Total score, as well as several secondary endpoints (submitted).14,30
Similarly, ispronicline, another α4β2 NNR partial agonist currently in development, also
demonstrated significant improvement on the CAARS:Inv Total score in a crossover study
in adults with ADHD.31 However, in a recent small parallel design study intended to provide
safety and initial efficacy estimates of higher doses of ABT-089 in adults with ADHD,
ABT-089 failed to show efficacy on the CAARS:Inv Total score.32 These data suggest that
the disparity in efficacy between studies in adults could be due to differences in study
design, which may also be a contributing factor to the lack of efficacy seen in the pediatric
population in the current studies.
The possibility that ABT-089 failed to show efficacy in these studies because the study
populations included high numbers of treatment resistant subjects or that these subjects were
disproportionately distributed across treatment groups is not supported by the data. Both
studies excluded subjects who had failed to show a therapeutic response to two or more prior
trials of ADHD medications. Consequently, in both studies, the majority of subjects were
treatment-naïve, with approximately 40% of subjects in either study with a history of ADHD
medication use prior to study entry. The relative proportion of subjects with any prior
ADHD medication use and the relative proportion of subjects with prior stimulant
medication use was similar across treatment groups in each study. Subgroup analyses on
ADHD-RS-IV (HV) Total scores and CGI-ADHD-S scores comparing treatment naïve
subjects with previously treated subjects indicated no statistical difference between the two
groups. In the crossover studies of ABT-089 in adults with ADHD in which more than half
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of the subjects had previous pharmacologic treatments, the drug was equally efficacious in
subjects with or without previous medication treatment.
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It is unlikely that the lack of effect seen in children is due to inadequate dosing of ABT-089.
Comparison of the pharmacokinetic results from the current studies with those from earlier
Phase 1 and 2 studies indicates that the target plasma concentrations of ABT-089 that
demonstrated efficacy in adults with ADHD were obtained in the pediatric population.
However, preclinical evidence suggests that permeability of the blood brain barrier may
differ in pediatric and adult populations,33,34 therefore, the possibility of a difference in the
brain penetration of ABT-089 between children and adults cannot be ruled out.
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There are also several other possible reasons for differential efficacy between adults and
children, including developmental and stage of illness factors, and heterogeneity of clinical
outcome.35 For example, tricyclic antidepressants are more effective in adults with major
depressive disorder than in pediatric depression. This disparity may be due to developmental
differences in the neurobiological pathophysiology of major depression, chronic episodicity
of depression in adults, or phenotypic differences in the disorder between age
groups.36–38,35 Similar factors may underlie the disparity in results seen with ABT-089.
Several preclinical studies have demonstrated developmental regulation of α4β2 NNR
mRNA levels, as well as α4β2 NNR binding and function.39–41 Moreover, the clinical
profile of ADHD changes with age, particularly with respect to comorbidities that are more
prevalent in adults.42 Therefore, it is possible that the ADHD seen in adults may be distinct
from pediatric ADHD, in terms of both the stage and the basic characteristics of the
disorder.
Given that these studies are among the first to examine the use of nicotinic analogs in a
pediatric population, the tolerability and short-term safety findings are promising. ABT-089
was well tolerated, with a profile of AEs comparable to that of placebo and similar to the AE
profile of ABT-089 seen in adults in Phase 2 studies. No clinically significant trends or
mean changes in clinical laboratory or vital sign values were observed, and evaluation of
ECGs throughout the studies did not demonstrate any conduction abnormalities associated
with ABT-089. Additionally, rates of adverse events that may be associated with nicotinic
receptor activation, such as neurologic, psychiatric or gastrointestinal adverse events, were
similar between ABT-089 and placebo.
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The current studies had methodological limitations typical of clinical trials of investigational
agents. Due to the need to establish subject inclusion and exclusion criteria to ensure subject
safety and data integrity, these results may not generalize to the broader patient population.
Although doses used in this study were the pediatric equivalents of doses that conferred
efficacy in the previous study of ABT-089 in adults with ADHD and covered a wide dose
range, it is possible that children and adults have different therapeutic indices for agents that
modulate the NNR system. However, testing higher doses of ABT-089 in the current studies
was not feasible, because the tolerable dose range established by earlier safety studies would
have been exceeded.
While many studies have shown nicotine and nicotinic analogs to have procognitive effects
in adults with or without ADHD,43,27,7 the procognitive and potential treatment effects of
nicotinic agents in ADHD have yet to be demonstrated in a pediatric population. Further
exploration of the characteristics of the response of children with ADHD to nicotinic
compounds must take into consideration the central and peripheral effects of these agents
and potential differences in pharmacokinetic or pharmacodynamic responses between adults
and children.
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Figure 1.

Subject disposition and flow through studies
Note: aSubjects may have reported more than one reason for premature discontinuation, but
are counted only once in the total
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Figure 2.

Mean change from baseline to each study visit on (A) Attention-deficit/hyperactivity
disorder Rating Scale-IV: Home Version Total score and (B) Clinical Global ImpressionAttention-deficit/hyperactivity disorder-Severity Scale score (Intent-to-treat dataset)
Note: One-sided P-values from mixed model repeated-measures analysis with factors for
treatment group, site, visit, and treatment group-by-visit interaction, with continuous fixed
covariates of baseline score and baseline score-by-visit interaction presented. ADHD-RS-IV
(HV) = Attention-deficit/hyperactivity disorder Rating Scale-IV: Home Version; CGIADHD-S = Clinical Global Impression-Attention-deficit/hyperactivity disorder-Severity
scale; SE = standard error.
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−7.8 (1.8)

Mean change to
final (SE)

−0.59 (0.15)

Mean change to
final (SE)

.400

−0.06 (−0.41, 0.30)

−0.64 (0.15)

4.57 (0.08)

.310

−1.2 (−5.4, 2.9)

−9.0 (1.8)

42.0 (1.1)

0.085
(n=45)

Study 1, n=271

.633

0.07 (−0.28, 0.43)

−0.51 (0.16)

4.71 (0.08)

.374

−0.8 (−5.0, 3.4)

−8.6 (1.8)

43.7 (1.1)

0.260
(n=44)
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−0.14 (−0.50, 0.22)

−0.73 (0.15)

4.58 (0.08)
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ABT-089 (mg/kg)
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.231
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(n=42)
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0.7
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Statistically significant at one-sided p=.001 vs. placebo (analysis of covariance with factors for site and treatment and with baseline scores as a covariate);

***

Statistically significant at one-sided p=.01 vs. placebo (analysis of covariance with factors for site and treatment and with baseline scores as a covariate);

**

n=39: one subject from Intent-to-treat dataset was excluded from analysis (subject completed too few items on scale to calculate final score);

a

.470)

−0.01 (−0.43, 940)

−0.78 (0.18)

4.73 (0.09)

.848

2.5 (−1.5, 6.5)
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1.4
(n=40)

ABT-089 (mg/kg)

Study 2, n=116

42.7 (1.3)a

PBO
(n=40)

Note: Least square model-based means presented. ABT-089 = a novel α4β2 neuronal nicotinic receptor partial agonist; ADHD-RS-IV (HV) = Attention-deficit/hyperactivity disorder Rating Scale-IV:
Home Version; ATM = atomoxetine; CGI-ADHD-S = Clinical Global Impression-Attention-deficit/hyperactivity disorder-Severity scale; CI = confidence interval; PBO = placebo; SE = standard error.
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Defined as ≥ 5% and incidence higher with ABT-089 vs. placebo (within-study).

a

Note: P-values from comparisons between placebo and active treatment using Fisher’s Exact Test. ABT-089 = a novel D4D2 neuronal nicotinic receptor partial agonist; AE = adverse event; ATM =
atomoxetine; PBO = placebo.
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